Backgrounds/Aims: A board certification system has been established by the Japanese Society of Hepato-BiliaryPancreatic Surgery (JSHBPS) for certifying surgeons who can perform high-level hepato-biliary-pancreatic surgeries safely. The aim of this study was to compare operative outcomes after pancreaticoduodenectomy performed by trainees, board-certified instructors, and expert surgeons of JSHBPS to determine the efficacy of education of trainees and operative safety. Methods: From 2009 to 2017, 225 consecutive patients underwent pancreaticoduodenectomy. Operations were performed by trainees, instructors, or JSHBPS experts. Clinical course and postoperative outcomes were retrospectively evaluated. Results: Twenty-two surgeons performed pancreaticoduodenectomy and two became expert surgeons. First, data of all patients who underwent pancreaticoduodenectomy (n=225) were analyzed. Significantly shorter median operating time and less median operative bleeding were documented in the experts' group (428 min, 576 g, respectively) than in the trainees' (498.5 min, 818 g, respectively) and instructors' (557 min, 911 g, respectively) groups. Morbidity did not differ significantly between the three groups. Second, data of patients who underwent simple pancreaticoduodenectomy (n=130) were analyzed. Similarly, operating time was shorter and operative bleeding less in the experts' group. With increasing their experiences, intraoperative bleeding by 2 surgeons became the expert surgeons decreased. Conclusions: Surgeons judged experts by the JSHBPS board certification system achieve significantly shorter operating time and less operative bleeding during pancreaticoduodenectomy. In addition, PD performed by trainees has an acceptable incidence of postoperative complications. This is the first report which indicated the efficacy of education toward being the JSHPBS board-certified expert surgeon. 
INTRODUCTION
In Japan, operative mortality rates after pancreaticoduodenectomy (PD) remain from 2% to 3%. [1] [2] [3] In addition, despite recent advances in surgical techniques, interventional radiology, and perioperative intensive care support, morbidity rates remain high, ranging from 30% to 40%. 1, [3] [4] [5] Thus, PD remains one of the most complex procedures in gastroenterological surgery. 6 It was recently reported that improvement in short-term outcomes after PD is associated with higher PD volume in pancreatic centers. 7, 8 In addition, surgeon experience remains an important determinant of overall morbidity. [7] [8] [9] Despite the availability of a training curriculum and simulation system for trainees, hands-on intraoperative experience remains one of the most important components of a surgeon's training. 10 Patients may express reservations if they know that a trainee is to perform their operation.
Thus, it has been a challenge for surgeons in teaching safely. 2 In this certification system, board-certified in-structors and board-certified expert surgeons are recognized on the basis of defined requirements, such as experience in performing a specified number of high-level HBP surgeries as an operator. 2 As of today, there are 779 boardcertified instructors and 222 board certified expert surgeons of JSHPBS in the entire Japan. 2 However, no previous studies have evaluated the process of training toward being a board-certified expert surgeon or compared the operative outcomes achieved by trainees, board-certified instructors, and board-certified expert surgeons of JSHBPS.
The aim of this study was to compare the short-term outcomes of PDs by trainees with those of board-certified surgeons (board-certified instructors and board-certified expert surgeons of the JSHPBS) to determine the efficacy of education of trainees and operative safety. The study was approved by the Institutional Review Board of Kumamoto University Hospital (#1120).
MATERIALS AND METHODS

Patients and data collection
Patients were managed perioperatively as previously described. [11] [12] [13] Postoperative complications were assessed according to the Clavien-Dindo scale. 14 Postoperative pancreatic fistulas (POPFs) were defined according to the International Study Group for Pancreatic Surgery. 15 Operative and postoperative data were collected and stored in an electronic database.
Surgical procedure for PD and treatment of postoperative complication Patients with malignant tumor underwent D2 lymph node dissection. [16] [17] [18] [19] When the superior mesenteric and portal veins were involved, they were resected and reconstructed. The pancreas was severed with a surgical scal- In this study, the board certified surgeon of the Japan Surgical Society (JSS) qualified a trainee to perform PD as an operator. 20 Certification of the board-certified surgeon of JSS has provided the foundations for board-certified surgeon systems of subspecialty surgical societies. 20 The trainees performed PD as an operator under appropriate supervision by a scrubbed senior surgeon as the first assistant.
Board certification of instructors of JSHPBS
The system for board certification of instructors was in- from trainee to board certified expert, patients who were operated by the surgeon before certificate were included in the trainee group, and patients who were operated by the surgeon after certificate were included in the boardcertified expert surgeon group. Characteristics of all patients who had undergone PD Firstly, operative results of all patients who had undergone PD were analyzed (Fig. 2 ). Of the 225 consecutive Table 1 shows relevant clinical and other characteristics of these patients. There were no significant differences in age, sex, or body mass index (BMI) between the groups. The distribution of performance status was also similar in the three groups, as were the rates of prior laparotomy and preoperative bile duct drainage. There were no significant differences in comorbidities (diabetes mellitus, ischemic heart disease, and respiratory disease). The most common diagnosis was pancreatic cancer in all groups (37.1%, 52.2%, and 58.3%, respectively).
Statistical analysis
RESULTS
Number of PDs
Operative findings and postoperative outcomes of all patients who had undergone PD Intraoperative variables and outcomes of all patients who underwent PD are shown in and instructor groups (911 g, range, 337-13153 g). The incidence of intraoperative blood transfusion was significantly lower in the expert (12.5%) than in the trainee (37.0%) and instructor groups (56.5%). Combined staging laparoscopy was performed on only one patient (4.3%), who was in the instructor group. There were no significant differences between the groups in the incidence of combined vessel resection and reconstruction or combined other organ resection ( Table 2 ). The rates of soft pancreatic texture did not differ significantly, being 57.3% patients in the trainee group, 47.8% in the instructor group, and 54.2% in the expert group.
There was no significant difference in the incidence of postoperative Clavien-Dindo ＞III complications between the trainee (33.1%), instructor (26.1%), and expert (16.7%) groups ( Table 2 ). The most common complication was (Fig. 2) . Of the 130 patients who had undergone simple PD, 101 were operated on by trainees, 14 by board-certified instructors, and 15 by board-certified expert surgeons (Fig. 2) . Table 3 shows clinical and other relevant characteristics of these patients. There were no significant differences in age, sex, and BMI between the groups. The distribution of performance status was also similar in the three groups. There were no significant differences in comorbidities (diabetes mellitus, ischemic heart disease, and respiratory disease). The most common diagnosis was pancreatic cancer in all groups (39.6%, 35.7%, and 40.0%, respectively).
Operative findings and postoperative outcomes of patients who had undergone simple PD Intraoperative variables and outcome of patients who had undergone simple PD are shown in Intraoperative blood transfusion was required in 25.7 % in the trainee group and 57.1 % in the instructor group.
On the other hand, it was not required in the expert group (0%) and the difference of the incidence was significant.
The rates of soft pancreatic textures were not significantly different: 55.4% of patients in the trainee group, 50% in the instructor group, and 60.0% in the expert group.
There was no significant difference in the incidence of postoperative Clavien-Dindo ＞III complications between the trainee (29.7%), instructor (21.4%), and expert (13.3%)
groups. The most common complication was grade B or C POPF (18.8% in the trainee group, 14.3% in the instructor group, and 6.7% in the expert group). There was also no significant difference in re-laparotomy for complications, which was not necessary in the instructor or expert groups, but did occur in the trainee group (7.9%). Intraoperative bleeding and operation time in procedures performed by operators who became board-certified expert surgeons Fig. 3 shows the amount of intraoperative bleeding in chronological order of procedures performed by two operators, who became board-certified expert surgeons during the study period (Fig. 1B) . With increasing experience, the amount of intraoperative bleeding decreased significantly in both operator's procedure, respectively. Fig. 4 shows the operation time in chronological order of procedures performed by same operators. The operation time decreased with increasing experience in both operators, however, the tendencies were not significant.
DISCUSSION
Recently reported mortality rates after PD have decreased in high-volume centers, 2 however, in several nation-wide studies perioperative mortality was higher than anticipated. 1, 21 In other words, perioperative risk after PD remains high. Previous reports comparing postoperative outcomes after PD between high-and low-volume centers have demonstrated an association between the number of surgical cases per year and surgical outcomes. 7, 8, 21 The relationship between operative outcomes after PD and each surgeon's experience and appropriate education for trainee remains under discussion. Birkmeyer et al. They reported 30-day and 90-day mortality rates after PD of 0.5% and 1.2%, respectively, and that the JSHBPS board certification system for expert surgeons has significantly decreased mortality subsequent to high-level HBP surgeries such as hepatic trisectionectomy. 2 However, no previous study has evaluated the process of training to become a board-certified expert surgeon or compared the operative outcomes of trainees, board-certified instructors, and board-certified expert surgeons.
In this study, we found significantly shorter operating times and less intraoperative bleeding in the expert group than in the trainee and instructor groups for all patients in this series of 225 consecutive PD s. Because this cohort included various complicated cases, patients who had undergone simple PD cases were analyzed separately. Similarly, operating times were shorter and operative bleeding less in the expert group in this subgroup. In addition, intraoperative bleeding in procedures performed by the surgeons who became expert surgeons during the study period decreased with increasing experience. Thus, this study is the first to suggest that the training system for becoming a board-certified expert surgeon of the JSHBPS has reduced operating time and operative bleeding for PD.
There was only one 90-day mortality in the trainee group, and none in the instructor group and the expert group.
However, the deference of mortality was not significant.
In addition, the morbidity rate after PD did not improve significantly in the instructor group and the expert group compared with the trainee group. Considered from a different angle, morbidity rates were not increased in the trainee group. It confirmed appropriate management of operative safety and education of trainees by intraoperative supervision and perioperative management. In conclusion, training toward becoming a JSHBPS board-certified expert surgeon is associated with reduced operating time and intraoperative bleeding during PD. In addition, PD performed by trainees with appropriate supervision has an acceptable incidence of postoperative complications. This is the first report which indicated the efficacy of education toward being the board-certified expert surgeon.
